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(54) CONTROLLER FOR POWER CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve a problem that 
ripples increase in a primary current being feci to an AC 
motor to cause increase in the torque ripple or harmonic 
loss of the AC motor. 

SOLUTION: Depending on a signal proportional to the on 
time within a period of the carrier signal of a switching 
element, and a timing signal for time varying any one of 
on timing or off timing of the switching element every a 
plurality of periods of the carrier signal, a switching 
signal for driving the switching element is outputted from 
a switching signal generating means. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the power converter which controls output voltage by Pulse-Density-Modulation control 
An electrical-potential-difference command signal generating means to output an electrical- 
potential-difference command signal, and a carrier signal generation means to output a carrier signal, 
The ON time amount within 1 period of said carrier signal of the switching element which inputs 
said electrical-potential-difference command signal and said carrier signal, and obtains said output 
voltage An ON time amount signal generation means to generate the signal which asked for the 
average in 1 period of said carrier signal of said output voltage to be in agreement with said 
electrical-potential-difference command signal, and is proportional to said ON time amount, A 
timing signal generating means to generate the timing signal to which either the on-timing of said 
switching element or off-timing is changed in time for every term two or more rounds of said carrier 
signal, The control unit of the power converter characterized by having a switching signal generating 
means to output the switching signal which drives said switching element according to said ON time 
amount signal and said timing signal. 

[Claim 2] In the power converter which controls output voltage by Pulse-Density-Modulation control 
An electrical-potential-difference command signal generating means to output an electrical- 
potential-difference command signal, and a carrier signal generation means to output a carrier signal, 
Said electrical-potential-difference command signal is inputted. A control signal operation means to 
make it change in time for every term two or more rounds of this carrier signal in the range in which 
the difference of the amplitude does not exceed the amplitude of said carrier signal, without 
calculating the 1st and 2nd control signals proportional to this electrical-potential-difference 
command signal, and changing the difference of the amplitude for the amplitude of these 1st and 2nd 
control signals, A difference with the pulse signal obtained from the comparison of the amplitude of 
the amplitude of the pulse signal obtained proportionally and said carrier signal of the amplitude of 
the amplitude of said carrier signal and said 1st control signal and said 2nd control signal is 
embraced. The control unit of the power converter characterized by having a switching signal 
generating means to output the switching signal which drives the switching element which obtains 
said output voltage. 

[Claim 3] While carrying out series connection of the 1st and 2nd switching elements between the 
positive electrode of DC power supply, and a negative electrode In the power converter which 
formed the inverter which makes the node of said the 1st and 2nd switching element the output 
terminal of an inverter by the three phase circuit Three top-most vertices which adjoin mutually [ the 
electrical-potential-difference vector which becomes settled corresponding to the condition of the 
switching element of each phase ] a carrier signal generation means to output a carrier signal for 
every field connected and formed The sequence which outputs these electrical-potential-differences 
vector within 1 period of said carrier signal while choosing beforehand two zero electrical-potential- 
difference vectors which form one top-most vertices of the field concerned, and two electrical- 
potential-difference vectors which form the remaining top-most vertices, respectively is determined 
beforehand. An electrical-potential-difference vector selection means to memorize these electrical- 
potential-differences vector and its output order, An electrical-potential-difference command signal 
generating means to output an electrical-potential-difference command signal with the gestalt of a 
vector, A field judging means to judge the field in which said electrical-potential-difference 
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command signal is inputted into, and this electrical-potential-difference command signal is located 
for every period of said carrier signal, So that the average in the 1 -round period of said carrier signal 
of the output voltage of said inverter may be in agreement with said electrical-potential-difference 
command signal An operating-time decision means to opt for the allocation in 1 period of said 
carrier signal of the operating time of the sum of said two zero electrical-potential-difference vectors 
chosen in the field judged with said field judging means, and other operating times of two electrical- 
potential-difference vectors, An operating-time change means to change allocation of the operating 
time of said two zero electrical-potential-difference vectors in time for every term two or more 
rounds of said carrier signal, The control unit of the power converter characterized by having a 
switching signal generating means to output the switching signal which drives the switching element 
of each of said phase from the operating time for every electrical-potential-difference vector. 
[Claim 4] The control unit of a power converter given [ of claim 1 to the claims 3 characterized by 
having a carrier signal generation means by which a frequency outputs the carrier signal of the 
variable frequency which changes in time ] in any 1 term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit of power converters, such as a 
chopper, an inverter, etc. with which output voltage is controlled by pulse-width-modulation control 
(PWM control). 
[0002] 

[Description of the Prior Art] The rectifier circuit which connected [ in / drawing 15 is the block 
diagram showing the PWM inverter as a conventional power converter shown in JP,3-79959,B, and / 
drawing 15 ] 51 to the output side of the three-phase-alternating-current power source 59, and 52 are 
power converters, such as an PWM inverter which changes the direct current from a rectifier circuit 
51 into an alternating current, and is supplied to AC motor 57 as a load, for example, are constituted 
using self-extinction of arc mold switching elements, such as a transistor and a GTO thyristor. 
[0003] The adder with which 61 adds the output of the subcarrier (carrier) control circuit 53 and the 
output of the carrier center frequency setting circuit 60, the carrier signal generating circuit which 
connected 54 to the output side of an adder 61, the comparator which 55 measures the output of the 
carrier signal generating circuit 54 and the output of the output voltage pattern generating circuit 56, 
and outputs an PWM signal, and 58 are gate circuits which amplify the above-mentioned PWM 
signal and are supplied to the above-mentioned PWM inverter 52. 

[0004] Next, actuation is explained. The rectification bridge 51 changes the alternating current from 
the three-phase-alternating-current power source 59 into a direct current, and supplies it to a power 
converter 52. The carrier control circuit 53 outputs pattern signals, such as a sine wave, a triangular 
wave, etc. to which the frequency of a carrier signal is changed periodically, and the carrier center 
frequency setting circuit 60 outputs the fixed signal (direct current signal) for setting up the center 
frequency of a carrier signal. It continues, these pattern signals and a center frequency setting signal 
are added by the adder 61, and it is inputted into the carrier signal generating circuit 54 as a carrier 
frequency command signal. 

[0005] The above-mentioned carrier signal generating circuit 54 generates the carrier signal with 
which a frequency is proportional to the amplitude of this carrier frequency command signal. Then, a 
comparator 55 compares the amplitude of this carrier signal with the amplitude of the control signal 
outputted from the output voltage pattern generating circuit 56, and outputs that comparison result to 
a gate circuit 58 as an PWM signal of the pulse width determined by Pulse-Density-Modulation 
control. Continuing, a gate circuit 58 amplifies an PWM signal and controls a power converter 52. 
[0006] By the above PWM control action, a power converter 52 outputs the alternating voltage 
proportional to the output signal of the output voltage pattern generating circuit 56, and drives AC 
motor 57. Here, the carrier control circuit 53 changes in time the frequency of the carrier signal 
outputted from the carrier signal generating circuit 54. Therefore, the frequency changes in time and 
it is lost that the higher harmonic of the same frequency is continuously impressed to AC motor 57 
of the harmonic content contained in the output voltage of the PWM inverter 52. Consequently, 
frequency distribution comes to carry out distributed distribution of the magnetic sound which AC 
motor 57 generates by changing a carrier frequency, i.e., the frequency of an PWM signal, in time. 
For this reason, the peak level of a magnetic sound decreases and a magnetic sound can be reduced 
[0007] 
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[Problem(s) to be Solved by the Invention] If it is going to change a carrier frequency sharply in 
order to raise the reduction effectiveness of a magnetic sound, since the conventional power 
converter is constituted as mentioned above, the switching loss of the switching element which 
constitutes a power converter in proportion to this carrier frequency will increase. For this reason, in 
the field where a carrier frequency is high, there was a trouble of generation of heat by switching 
loss. 

[0008] Moreover, although a microcomputer is used in current in many cases in order to perform 
PWM control, synchronizing with a carrier frequency, PWM control is usually performed in this 
case. When this carrier frequency was changed in time, since a carrier period, i.e., the operation 
period of PWM control, became short, there was a trouble that the operation time ran short, in the 
field in which a carrier frequency becomes high. 

[0009] On the other hand, in the field where a carrier frequency is low, although the problem of the 
operation time is not produced, since the operation period of PWM control becomes long, the 
updating period of an electrical-potential-difference command becomes long. Consequently, the 
ripple of the primary current supplied to an AC motor increased, as a result there was a trouble that 
the torque ripple and harmonic loss of an AC motor caused an increment. 

[0010] This invention was made in order to cancel the above conventional troubles, and it is suitable 
for hardware control, and it aims at offering the control unit of the power converter which can reduce 
the magnetic sound resulting from harmonic content. 

[001 1] Moreover, this invention is suitable for software control, and aims at offering the control unit 
of the power converter which can reduce a magnetic sound like the aforementioned invention. 
[0012] Moreover, this invention is suitable for software control of a three-phase-circuit inverter, and 
aims at offering the control unit of the power converter which can reduce a magnetic sound like each 
aforementioned invention. 

[0013] Moreover, this invention aims at offering the control unit of the power converter which can 
perform reduction of a magnetic sound more efficiently compared with each aforementioned 
invention. 
[0014] 

[Means for Solving the Problem] An electrical-potential-difference command signal generating 
means by which the control unit of the power converter concerning this invention outputs an 
electrical-potential-difference command signal, A carrier signal generation means to output a carrier 
signal, and said electrical-potential-difference command signal and said carrier signal are inputted. 
The ON time amount within 1 period of said carrier signal of the switching element which obtains 
said output voltage An ON time amount signal generation means to generate the signal which asked 
for the average in 1 period of said carrier signal of said output voltage to be in agreement with said 
electrical-potential-difference command signal, and is proportional to said ON time amount, A 
timing signal generating means to generate the timing signal to which either the on-timing of said 
switching element or off-timing is changed in time for every term two or more rounds of said carrier 
signal, A switching signal generating means to output the switching signal which drives said 
switching element according to said ON time amount signal and said timing signal is provided. 
[0015] An electrical-potential-difference command signal generating means by which the control 
unit of the power converter concerning this invention outputs an electrical-potential-difference 
command signal, Said electrical-potential-difference command signal is inputted as a carrier signal 
generation means to output a carrier signal. A control signal operation means to make it change in 
time for every term two or more rounds of this carrier signal in the range in which the difference of 
the amplitude does not exceed the amplitude of said carrier signal, without calculating the 1st and 
2nd control signals proportional to this electrical-potential-difference command signal, and changing 
the difference of the amplitude for the amplitude of these 1st and 2nd control signals, A difference 
with the pulse signal obtained from the comparison of the amplitude of the amplitude of the pulse 
signal obtained proportionally and said carrier signal of the amplitude of the amplitude of said carrier 
signal and said 1st control signal and said 2nd control signal is embraced. A switching signal 
generating means to output the switching signal which drives the switching element which obtains 
said output voltage is provided. 

[0016] A carrier signal generation means by which the control unit of the power converter 
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concerning this invention outputs a carrier signal, Three top-most vertices which adjoin mutually 
[ the electrical-potential-difference vector which becomes settled corresponding to the condition of 
the switching element of each phase ] for every field connected and formed The sequence which 
outputs these electrical-potential-differences vector within 1 period of said carrier signal while 
choosing beforehand two zero electrical-potential-difference vectors which form one top-most 
vertices of the field concerned, and two electrical-potential-difference vectors which form the 
remaining top-most vertices, respectively is determined beforehand. An electrical-potential- 
difference vector selection means to memorize these electrical-potential-differences vector and its 
output order, An electrical-potential-difference command signal generating means to output an 
electrical-potential-difference command signal with the gestalt of a vector, A field judging means to 
judge the field in which said electrical-potential-difference command signal is inputted into, and this 
electrical-potential-difference command signal is located for every period of said carrier signal, So 
that the average in the 1 -round period of said carrier signal of the output voltage of said inverter may 
be in agreement with said electrical-potential-difference command signal An operating-time decision 
means to opt for the allocation in 1 period of said carrier signal of the operating time of the sum of 
said two zero electrical-potential-difference vectors chosen in the field judged with said field judging 
means, and other operating times of two electrical-potential-difference vectors, An operating-time 
change means to change allocation of the operating time of said two zero electrical-potential- 
difference vectors in time for every term two or more rounds of said carrier signal, A switching 
signal generating means to output the switching signal which drives the switching element of each of 
said phase from the operating time for every electrical-potential-difference vector is provided. 
[0017] The control unit of the power converter concerning this invention possesses a carrier signal 
generation means by which a frequency outputs the carrier signal of the variable frequency which 
changes in time. 
[0018] 

[Embodiment of the Invention] The gestalt of implementation of this invention is explained about 
drawing below gestalt 1. of operation. Drawing 1 is the circuit diagram showing the gestalt of 
implementation of invention of claim 1, and 1 is a pressure- lowering chopper circuit in drawing 1 . 
This pressure-lowering chopper circuit 1 connects a switching element 3 and reactors 5, such as a 
transistor, to a serial between one terminal 8 of output terminals 7 and 8, and one terminal 9 of input 
terminals 9 and 10. It is the configuration of having connected the capacitor 6 between the above- 
mentioned output terminal 7 and 8, having connected the cathode of diode 4 with the above- 
mentioned switching element 3 at the node of a reactor 5, and having connected the anode of this 
diode to the input terminal 10. DC power supply 2 were connected between the above-mentioned 
input terminal 9 and 10, and loads (not shown), such as a motor, are connected between the above- 
mentioned output terminal 7 and 8. Therefore, output voltage is supplied to a load by ON of a 
switching element 3, and OFF. 

[0019] 1 1 is a switching signal generating means linked to a switching element 3, for example, 
consists of delay circuits. It is electrical-potential-difference command signal V* corresponding to 
the rate command signal F which the comparator and timing signal generating means which 
connected 12 and 13 to the switching signal generating means 1 1, and 14 have ROM 14a which is an 
electrical-potential-difference command signal generating means linked to a comparator 12, for 
example, memorized the V7F pattern, and is given from the exterior. It outputs. 15 has counter 15b 
which is a carrier signal generation means linked to a comparator 12 and the timing signal generating 
means 13, for example, carries out counting of the output signal of this crystal oscillator to crystal- 
oscillator 15a, and it outputs it as a carrier signal a through digital one / analog (D/A) converter 15c 
while it outputs the output signal of this counter 15b with a direct clock. 

[0020] The above-mentioned timing signal generating means 13 inputs the clock which synchronized 
with falling of a carrier signal (sawtooth wave), and consists of ROMs 17 which output timing signal 
t to which the on-timing of the above-mentioned switching element 3 in the carrier period T will be 
changed by time delay Td if that number of counts is inputted as the counter 16 which counts the 
number of these clocks as the address by pattern signals, such as a sine wave, a triangular wave, and 
random. 

[0021] Next, actuation of the gestalt 1 of operation is explained. DC power supply 2 impress direct 
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current voltage among the input terminals 9 and 10 of the pressure-lowering chopper circuit 1. The 
carrier signal generation means 15 outputs the clock signal which synchronized with falling of the 
carrier signal a of the carrier period T (sawtooth wave), and a carrier signal. The electrical-potential- 
difference command signal generating means 14 is electrical-potential-difference command signal 
V*. It outputs. 

[0022] A comparator 12 is equivalent to an ON time amount signal-generation means, and is the 
carrier signal a of the carrier period T (sawtooth wave) from the electrical-potential-difference 
command signal generating means 14 from the carrier signal-generation means 15 Electrical- 
potential-difference command signal V* As it inputs, both amplitude is compared and it is shown in 
drawing 2 , it is electrical-potential-difference command signal V*. The ON time-amount signal O 
which is a binary signal of Low level about High level when small when larger than the carrier signal 
a is outputted to the switching signal generating means 11. This ON time amount signal O is a signal 
proportional to the ON time amount Ton within the carrier period T of the switching element 3 
which constitutes the pressure-lowering chopper circuit 1 . 

[0023] The switching signal generating means 1 1 inputs the above-mentioned ON time amount 
signal O and timing signal [ which is outputted from the timing signal generating means 13 ] t, as 
shown in drawing 3 , it delays the ON time amount signal O by time delay Td by timing signal t, 
without changing the pulse width determined by pulse-width-modulation control, creates switching 
signal s which drives the above-mentioned switching element 3, and sends it out to the above- 
mentioned switching element 3. Consequently, between the output terminal 7 of the pressure- 
lowering chopper circuit 1, and 8, it is the average between round term T of the above-mentioned 
carrier signal a. Vout =Ton/TxVin (=V*) (1) 

****** electrical-potential-difference command signal V* Output voltage in agreement is obtained. 
[0024] Here, in order that the switching signal generating means 1 1 may change in time the on- 
timing of the ON time amount signal O outputted from a comparator 12 by timing signal t from the 
timing signal generating means 13, even if the harmonic content contained in the output voltage of 
the pressure-lowering chopper circuit 1 has a fixed carrier frequency, it comes to change in time, and 
it is lost that the higher harmonic of the same frequency continues of it. 

[0025] Gestalt 2. drawing 4 of operation is drawing showing the gestalt of implementation of 
invention of claim 2, gives the same sign to the same part as the gestalt 1 of operation shown in said 
drawin gj, , and omits duplication explanation. In drawing 4 , the switching signal generating means 
1 1 consists of an exclusive-OR means 21 linked to a switching element 3, and comparators 19 and 
20 linked to this exclusive-OR means 21. 18 is a microcomputer as a control signal operation means 
linked to comparators 19 and 20, the electrical-potential-difference command signal generating 
means 14 and the carrier signal generation means 15 connected with this microcomputer 18, and the 
carrier signal generation means 15 is connected also to comparators 19 and 20. 
[0026] The above-mentioned electrical-potential-difference command signal generating means 14 
has ROM14a which memorized the V/F pattern, and A/D converter 14b which changes the analog 
signal from this ROM into a digital signal. Moreover, the carrier signal generation means 15 has 
counter 15b which carries out counting of the output signal of this crystal oscillator to crystal- 
oscillator 15 a, and outputs the output signal of this counter 15b as the direct carrier signal a and a 
clock signal. 

[0027] Next, actuation of the gestalt 2 of operation is explained. In drawing 4 , DC power supply 2 
impress direct current voltage among the input terminals 9 and 10 of the pressure-lowering chopper 
circuit 1. The electrical-potential-difference command generating means 14 is electrical-potential- 
difference command signal V*. It outputs. The carrier signal generation means 15 outputs the clock 
signal which synchronized with falling of the carrier signal a of the carrier period T (sawtooth wave), 
and a carrier signal. 

[0028] Drawing 5 is a flow chart which shows the flow of the processing calculated inside a 
microcomputer 18, synchronizing with the clock signal outputted from the carrier signal generation 
means 15, the operation of the flow chart shown in this drawing is performed, and a control signal 
required for Pulse-Density-Modulation control is outputted. 

[0029] First, at a step ST 5-1, they are the input voltage signal Vin of the pressure-lowering chopper 
circuit 1, and electrical-potential-difference command signal V*. It incorporates through an A/D 
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converter (not shown). Continuously, at a step ST 5-2, it is electrical -potential-difference command 
signal V*. The ON time amount Ton and off time amount Toff of the above-mentioned switching 
element 3 when setting a carrier period to T from the input voltage signal Vin It asks by (2) types. 
Ton=Vin/V* Toff =T-Ton (2) 

[0030] Next, at a step ST 5-3, the clock signal which synchronized with falling of the carrier signal a 
(sawtooth wave) outputted from the carrier signal generation means 15 is counted. And at a step ST 
5-4, the multiplier b equivalent to a timing signal is read from the table currently prepared 
beforehand by making the number of counts of a clock signal into the address. The multiplier b 
stored in the table at this time is pattern signals, such as a sine wave, a triangular wave, and random. 
At a step ST 5-5, they are the above-mentioned ON time amount Ton and the off time amount Toff. 
And the 1st and 2nd control signals SI and S2 are calculated like [ multiplier / b ] (3) types. In 
addition, control signals SI and S2 are the electrical-potential-difference values (let the inclination of 
a sawtooth wave be a proportionality constant) corresponding to time amount. 
Sl=bxToff S2=Sl+Ton (3) 

[0031] However, he is trying for the amplitude of the 1st and 2nd control signals not to exceed the 
amplitude of the above-mentioned carrier signal by restricting the multiplier b of an upper type with 
(0<=b<=l). The 1st and 2nd control signals SI and S2 of the above are outputted to the switching 
signal generating means 1 1 from a microcomputer 18 at a step ST 5-6. 

[0032] Below, drawing 6 is used and actuation of the switching signal generating means 1 1 is 
explained. First, the 1st and 2nd control signals SI and S2 of the above and the carrier signal a are 
inputted into the switching signal generating means 11. Comparators 19 and 20 compare the 
amplitude of the 1st and 2nd control signals SI and S2 and the carrier signal a. When a control signal 
is larger than a carrier signal, High level When small, the binary signals PI and P2 of Low level are 
outputted, the exclusive OR of these binary signals PI and P2 is taken with the exclusive-OR means 
21, the switching signal Psw which drives the above-mentioned switching element 3 is created, and 
it sends out to a switching element 3. Consequently, among the output terminals 7 and 8 of the 
pressure-lowering chopper circuit 1, it is above-mentioned electrical-potential-difference command 
signal V* by the aforementioned (1) formula as the average between round term T of the above- 
mentioned carrier signal a. Output voltage in agreement is obtained. 

[0033] Here, in order that the switching signal generating means 1 1 may change the on-timing of a 
switching element 3 in time by changing the value of a multiplier b in time, even if the harmonic 
content contained in the output voltage of the pressure-lowering chopper circuit 1 has a fixed carrier 
frequency, it comes to change in time, and it is lost that the higher harmonic of the same frequency 
continues of it. 

[0034] Gestalt 3. drawing 7 of operation is drawing showing the gestalt of implementation of 
invention of claim 3, and is set to drawing 7 . 46 is the inverter circuit of a three phase circuit, and 
this inverter circuit 46 connects to the above-mentioned capacitor 23 and juxtaposition the switching 
element 24-25 of the pair which carried out the series connection while connecting the capacitor 23 
between the positive electrode of DC power supply 22, and the negative electrode, 27-28, and 30-3 1 . 
They are a pair each of the switching elements 24 and 25, 27-28, and the configuration that made the 
node of 30-3 1 output terminals 26, 29, and 32. 

[0035] 33 « the above - a switching element - 24 - 25 - 27-28-30-31 - having connected - a 
switching signal - generating - a means - carrying out - each - a phase - an input - Pu - Pv - 
Pw - a direct output - carrying out - a direct output - the section - Pu - Pv - Pw - a polarity - 
being reversed - outputting - polarity reversals - an output - the section - Pu - 1 - Pv ' -- Pw -- ' 
~ having - a configuration — it is . 

[0036] An exclusive-OR means by which 34-36 supply each phase inputs Pu, Pv, and Pw to the 
switching signal generating means 33, 37-38, 39-40, the comparator that connected 41-42 to the 
exclusive-OR means 34, 35, and 36, The microcomputer which connected 43 to comparators 37-42, 
and 44 are the electrical-potential-difference command signal generating means linked to a 
microcomputer 43. A/D converter 44a which changes into a digital signal the rate command signal F 
given from the outside, V/F converter 44b which changes the above-mentioned rate command signal 
F into the pulse train of the frequency proportional to the amplitude, It has counter 44d which carries 
out counting of the output of ROM44c which memorized the V/F pattern which outputs the percent 
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modulation k corresponding to the signal from the above-mentioned A/D converter44a, and the 
above-mentioned V/F converter 44b, and outputs a phase Q. 

[0037] 45 is a carrier signal generation means linked to the above-mentioned comparators 37-42 and 
a microcomputer 43, and this carrier signal generation means 45 has counter 45b which carries out 
counting of the output signal of this crystal oscillator to crystal-oscillator 45 a, and outputs the output 
signal of this counter 45b as the direct carrier signal a and a clock signal. 
[0038] Next, before explaining actuation of the gestalt 3 of operation, the electrical-potential- 
difference vector in which the output of an inverter circuit 46 is possible is explained first. As shown 
in drawing 7 , since the electrical potential differences Vu, Vv, and Vw of each phase (referred to as 
U, V, and W) outputted from output terminals 26, 29, and 32 can take forward and binary [ of 0 ], 
respectively, an inverter circuit 46 can output eight electrical-potential-difference vectors (= 2x2x2). 
Here, the electrical-potential-difference vector used as Vu=E, Vv=0, and Vw=0 is expressed as 
(100). Drawing 8 will be obtained if the electrical-potential-difference vector in which the output of 
an inverter circuit 46 is possible is illustrated from the above thing. In drawing 8 , each top-most 
vertices of a forward hexagon are electrical-potential-difference vector (001) - (101) in which an 
output is possible. Since line voltage serves as zero, here and (000) (111) two vectors are called a 
zero electrical-potential-difference vector. 

[0039] Next, the Pulse Density Modulation by the space electrical-potential-difference vector is 
explained. First, as shown in drawing 9 , it is electrical-potential-difference command vector v*. 
When it is in the interior of the equilateral triangle which makes two electrical-potential-difference 
vectors V4 [= (100)], and V6 [= (110)] and two zero electrical-potential-difference vectors {V0 [= 
(100)] and V7 [= (1 1 1)]} top-most vertices Control of output voltage is performed by choosing these 
two electrical-potential-difference vectors and two zero electrical-potential-difference vectors so that 
it may state below. 

[0040] first, electrical-potential-difference command vector v* Electrical-potential-difference 
command vector v* in a certain predetermined period T if the amplitude assumes that it is k and 
rotates on the frequency of omega clockwise a tip - drawing - radii - a locus - die length - the 
above ~ two -- a ** - an electrical potential difference - a vector - and — two - a ** - zero - an 
electrical potential difference - a vector - using - outputting - having had ~ composition - a 
vector - drawing - a locus ~ die length - equal - becoming - things - from - (-- four --) - a 
formula — obtaining — having . 

l/root3 and t4+l/root3ande(jpi/3) -t6=k-e(jtheta) andT (4) 

However, in a theta=omegat (4) type, t4 and t6 are the persistence time of the electrical-potential- 
difference vectors V4 and V6, respectively. Furthermore, in drawing 9 , die length from a zero to V4 
(or V6) was set to l/root3 for convenience. 

[0041] next - these - two - a ** - an electrical potential difference - a vector - V - four - V - 
six - and - two - a ** - zero ~ an electrical potential difference - a vector - V - zero - V - 
seven - the persistence time - total - predetermined - a period - T - being equal - things - from 
— (— five — ) — a formula — obtaining — having . 
t4+t6+tO+t7=T (5) 

[0042] (5) In a formula, tO and t7 are the persistence time of a zero electrical-potential-difference 
vector (V0 and V7). (4) From a formula and (5) types, if the persistence time of these two electrical- 
potential-difference vectors V4 and V6 and two zero electrical-potential-difference vectors V0 and 
V7 is found, (6) types will be obtained. 
t4=T-k-sin (pi/3-theta) 

t6=T-k-sintheta tO+t7=T {1-k-sin (pi/3+theta)} (6) 

[0043] Here, it is electrical-potential-difference command vector v*. Although pulse width 
modulation in case a phase theta is in the range of 0 - pi/3 was explained, if two electrical-potential- 
difference vectors chosen whenever a phase theta changes every [ 3 / pi/] are changed, even if a 
phase theta is in the range of pi / 3-2pi, it is controllable similarly. The alternating current output 
voltage of the three phase circuit by which Pulse Density Modulation was carried out by the above 
approach according to the electrical-potential-difference command vector can be obtained. Here, the 
amplitude and frequency of output voltage are electrical-potential-difference command vector v*, 
respectively. It is clear that it is controllable according to the amplitude k and a frequency omega! 
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[0044] Below, the selection sequence of two electrical-potential-difference vectors and two zero 
electrical-potential-difference vectors is explained, referring to drawing 10 . First, the arrow head 
shown in drawing 10 is met, and two electrical-potential-difference vectors and two zero electrical- 
potential-difference vectors are chosen. For example, electrical-potential-difference command vector 
v* When a phase theta is in the range of 0 - pi/3, two electrical-potential-difference vectors (V4 and 
V6) and two zero electrical-potential-difference vectors (V0 and V7) are chosen in order of V0 ->V4 
->V6 ->V7 ->V6 ->V4 ->V0 between the predetermined periods T. 

[0045] And electrical-potential-difference command vector v* If a phase theta increases and it 
moves to the range of pi/3-2pi/3, two electrical-potential-difference vectors (V2 and V6) and two 
zero electrical-potential-difference vectors (V0 and V7) will be chosen in order of V0 ->V2 ->V6 - 
>V7 ->V6 ->V2 ->V0 between the predetermined periods T. When two electrical-potential- 
difference vectors and two zero electrical-potential-difference vectors are chosen in order of such 
selection, it is electrical-potential-difference command vector v*. Even if a phase theta changes 
bordering on pi/3, only by the electrical-potential-difference vectors V4 and V2 interchanging, the 
remaining electrical-potential-difference vectors and two zero electrical-potential-difference vectors 
do not change. And it is electrical-potential-difference command vector v* so that drawing 10 may 
show. Near phase theta=pi / 3, most of the persistence time of the electrical-potential-difference 
vectors V4 and V2 is zero. 

[0046] Next, actuation of the gestalt 3 of operation is explained, referring to drawing 7 . The 
electrical-potential-difference command signal generating means 44 is electrical-potential-difference 
command signal V*. It outputs in the form of the vector of percent modulation k and a phase theta. 
Drawing 1 1 is a flow chart which shows the flow of the processing calculated inside a 
microcomputer 43, synchronizing with the clock signal outputted from the carrier signal generation 
means 45, the operation of the flow chart of this drawing is performed and a control signal required 
for Pulse-Density-Modulation control is outputted. 

[0047] First, as a step ST 1 1-1, a microcomputer 43 inputs the electrical-potential-difference 
command vector of percent modulation k and a phase theta from the electrical-potential-difference 
command signal generating means 44, and inputs a clock from the carrier signal generation means 
45. Continuously, it is electrical-potential-difference command vector v* as a step ST 1 1-2. A phase 
theta is broken by 60 degrees and it is output voltage command vector v* by the quotient. The 
judgment of in which pi/3 section to exist is performed. And if the quotient is made into a section 
signal, a section signal takes six values (for example, value of 0-5) according to a phase theta, and 
corresponds to section [ of drawing 10 ] (a) - (f), respectively. 

[0048] Next, (7) types are calculated as a step ST 1 1-3 as the persistence time of two electrical- 
potential-difference vectors and two zero electrical-potential-difference vectors. Since the phase used 
at this time is reset whenever a section signal changes, it takes the value of 0 - pi/3 
ta=T { 1 -k-sin (pi/3+theta)} 
tb=T-k-sin (pi/3-theta) 
tc=T-k-sintheta (7) 

[0049] Next, at a step ST 1 1-4, the clock signal of the twice as many frequency which synchronized 
with falling of the carrier signal outputted from the carrier signal generation means 45 as this is 
counted. At a step ST 1 1-5, a multiplier b is read from the table which has prepared the number of 
counts of a clock signal beforehand as the address. The multiplier b stored in the table at this time is 
values, such as a sine wave, a triangular wave, and random. 

[0050] next - a step - ST - 1 1 - six - ****** - u -- V - W - each - a phase - a control signal - 
Sa — Sa - ' — Sb - Sb ~ 1 — Sc - Sc - 1 — the section — a signal - drawing 10 - the section - (— a - 
-) " (— f — ) - responding — drawing 12 — being shown — a control signal - an operation - sequence 
~ following - creating . And six control signals are outputted at the last step ST 11-7. 
[0051] Furthermore, the six above-mentioned control signals Sa and Sa' which were outputted from 
the microcomputer 43 as drawing 13 was a case at the time of a multiplier b= 0.5 and it was shown 
in drawing, Comparators 37-42 compare the amplitude of Sb, and Sb 1 , and Sc and Sc' and carrier 
signal 2a of periodic 2T outputted from the carrier signal generation means 45. When the above- 
mentioned control signal is larger than a carrier signal, High level is outputted, and when small, 
binary-signal Pa of Low level, Pa', Pb and Pb\ and Pc and Pc' are outputted. 
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[0052] Furthermore, the exclusive OR of above-mentioned binary-signal Pa, Pa', Pb and Pb\ and Pc 
and Pc 1 is taken with the exclusive-OR means 34-36, and it considers as the binary signals Pu, Pv, 
and Pw of U, V, and W phase, respectively, and outputs to the switching signal generating means 33. 

[0053] Here, the selection sequence and the persistence time of an electrical-potential-difference 
vector which should be chosen by the three above-mentioned binary signals Pu, Pv, and Pw are 
determined so that drawing 13 may show. That is, the electrical-potential-difference vector which 
chooses a binary signal whenever one of these signals changes, since level changes to 1 by a unit of 
1 time from 0, respectively is changed between the predetermined periods T equivalent to the half 
period of carrier signal 2a. Moreover, the persistence time of the selected electrical-potential- 
difference vector turns into time amount after one side of the binary signal of two ******** changes 
to 1 from 0 until the signal of another side changes to 1 from 0. 

[0054] Conventionally, although [ a multiplier b= 0.5 ] it is fixed, in the gestalt 3 of this operation, 
this multiplier b is changed in time. And although the ON time amount of three binary signals Pu, 
Pv, and Pw (it is equivalent to phase voltage) will change if a multiplier b is changed so that it may 
understand from the timing chart of the phase voltage shown in drawing 14 , and line voltage, the 
ON time amount of two differences (it is equivalent to line voltage) of the above-mentioned binary 
signal does not change, but the location is changing. 

[0055] Next, if the three above-mentioned binary signals Pu, Pv, and Pw input into the switching 
signal generating means 33, on-off-signal Pu-Pu', Pv-Pv f , and Pw-Pw' will be outputted to the 
switching elements 24, 25, 27, 28, 30, and 31 in an inverter circuit 46 from this switching signal 
generating means 33. Here, since it is clear which switching element is made to turn on and off 
corresponding to an electrical-potential-difference vector, the switching signal generating means 33 
can be easily constituted using a logical circuit. Therefore, explanation is omitted about the detailed 
circuitry and actuation of the switching signal generating means 33. 

[0056] Next, according to these on-off signals, switching of switching elements 24, 25, 27, 28, 30, 
and 31 is performed, and it is electrical-potential-difference command vector v*. The alternating 
voltage of the three phase circuit by which Pulse Density Modulation was responded and carried out 
is outputted from output terminals 26, 29, and 32. 

[0057] Although the frequency of a carrier signal is not changed in the gestalt of each above- 
mentioned operation, it is the range which is gestalt 4. of operation and which does not produce 
problems, such as generation of heat and the operation time, and generating reduction of a magnetic 
sound can be more effectively performed by using the carrier signal of a variable frequency with 
which a frequency changes in time. 

[0058] Moreover, in the gestalt of each above-mentioned operation, although either the on-timing of 
the switching element in the 1 -round period of a carrier signal or off timing is changed in time The 
on-off timing of a switching element establishes a delay circuit in the system way which supplies the 
output of a switching element to a load, without making it change. Even if it changes the time delay 
of this delay circuit and changes the electric supply timing to the load in the 1 -round period of a 
carrier signal, the same effectiveness as the gestalt of each above-mentioned operation is acquired 
[0059] M 

[Effect of the Invention] As mentioned above, the signal which is proportional to the ON time 
amount within the period of the carrier signal of a switching element according to this invention, The 
timing signal to which either the on-timing of the above-mentioned switching element or off-timing 
is changed in time for every term two or more rounds of the above-mentioned carrier signal is 
embraced. Since it constituted so that the switching signal which drives the above-mentioned 
switching element from a switching signal generating means might be outputted, it is suitable for 
hardware control and effective in reduction of generating of the magnetic sound resulting from 
harmonic content being easily realizable. 

[0060] Since according to this invention it constituted so that a switching signal might be outputted 
from a switching signal generating means according to the size relation of the amplitude of the 1st 
and 2nd control signals and the above-mentioned carrier signal which were changed in time for 
every term two or more rounds of this carrier signal in the range which does not exceed the 
amplitude of a carrier signal, it is suitable for software control and effective in the ability to be able 
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to reduce generating of the magnetic sound resulting from harmonic content. 

[0061] Since according to this invention it constituted so that the switching signal which drives the 
switching element of each phase from the operating time for every electrical-potential-difference 
vector might be outputted from a switching signal generating means, it is suitable for software 
control of a three-phase-circuit inverter, and effective in the ability to reduce generating of the 
magnetic sound resulting from harmonic content. 

[0062] Since according to this invention it constituted so that the carrier signal of a variable 
frequency with which a frequency changes in time might be used, it is effective in the effectiveness 
of being able to reduce more effectively generating of the point of changing the generating timing of 
the output voltage in the 1 -round period of a carrier signal in time, and the magnetic sound which 
originates in harmonic content conjointly being acquired. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the control unit of the power converter by the gestalt 1 
of implementation of this invention. 

[Drawing 2] It is the explanatory view showing the wave of the comparator in the gestalt 1 of 
implementation of this invention of operation. 

[Drawing 3] It is the explanatory view showing the wave of the switching signal generating means in 
the gestalt 1 of implementation of this invention of operation. 

[Drawing 4] It is the block diagram showing the control unit of the power converter by the gestalt 2 
of implementation of this invention. 

[Drawing 5] It is a flow chart Fig. showing the contents of data processing of the microcomputer in 
the gestalt 2 of implementation of this invention. 

{Drawing 6] It is the explanatory view showing the wave of the switching signal generating means in 
die gestalt 2 of implementation of this invention of operation. 

[Drawing 7 ] It is the block diagram showing the control unit of the power converter by the gestalt 3 
of implementation of this invention. 

[Drawing 8] It is the explanatory view of the electrical-potential-difference vector in which the 
output of the inverter in the gestalt 3 of implementation of this invention is possible. 
[Drawing 9] It is the explanatory view of the Pulse Density Modulation by the space electrical- 
potential-difference vector in the gestalt 3 of implementation of this invention. 
[Drawing 10] It is the explanatory view of the selection sequence of the electrical-potential- 
difference vector in the gestalt 3 of implementation of this invention. 

Prawing 11] It is a flow chart Fig. showing the contents of data processing of the microcomputer in 
the gestalt 3 of implementation of this invention. 

[Drawing 12] It is drawing explaining the operation sequence of the control signal in the gestalt 3 of 
implementation of this invention. 

[Drawing 13] It is the explanatory view showing the creation approach of the signal inputted into the 
switching signal generating circuit in the gestalt 3 of implementation of this invention. 
Prawing 14] It is the explanatory view showing the switching signal at the time of changing the on- 
timing of the ON signal in the gestalt 3 of implementation of this invention. 

Prawing 15] It is the block diagram showing the control unit of the conventional power converter. 
Pescription of Notations] 

3 A switching element, 1 1 electrical-potential-difference command signal generating means, 45 
carrier signal-generation means, 46 inverter circuit. A switching signal generating means, 12 A 
comparator (ON time amount signal generation means), 13 A timing signal generating means, 14 An 
electrical-potential-difference command signal generating means, 15 A carrier signal generation 
means, 18 A microcomputer (control signal operation means), 33 A switching signal generating 
means, 43 A microcomputer (an electrical-potential-difference vector selection means, a field 
judging means, an operating-time decision means, operating-time change means), 44 
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[Drawing 8] 
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[Drawing 10] 
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[Drawing 12] 
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